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About Environmental Economics

Our team of experienced consultants specialise in construction and building energy. We have
qualifications in sustainability, energy, engineering, building physics and construction as well as
environmental, quality management and auditing.

Over the last decade, we have provided assessments and consultancy for some of the largest UK
house builders, including Barratt Developments, David Wilson Homes, Bellway Homes, Abbey New
Homes and Davidsons. We develop flexible, practical, cost-effective specifications for our clients
through identifying solutions and delivering design advice. This includes the following disciplines:

o Overheating Analysis (dynamic thermal modelling)
o Daylighting / Sunlight Simulations
e Energy Reports
e Compliance assessments and advice covering
o Partl (SAP)
e Part F (ventilation)
e Part G (water)
o BREEAM
e SBEM (existing and new build)
o Minimum Energy Efficiency Standards (MEES)
e Thermal Bridging (Psi value calculations)
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1. Executive Summary

1.1.1. This Energy Assessment has been prepared by Environmental Economics Ltd to
support a planning application for a proposed development on Harrods Wharf, in The
London Borough of Richmond upon Thames.

1.1.2. The Assessment is presented with reference to the requirements set out in the
London Plan 2016 (LP2016), Intend to Publish London Plan 2020 (LP2020) and the
London Borough of Richmond upon Thames, Sustainable Construction Checklist.

1.1.3. The main objective of the assessment is to indicate the performance of the
development in relation to Policy SI 2, which sets an objective of reducing carbon
emissions resulting from regulated energy use by 35% in comparison to the 2013
Building Regulations. No offset payment is required for minor developments, nor is
the zero carbon target.

1.14. As per the recommendations set out in the sustainable construction checklist, this
report uses the updated SAP 10 emission factors to demonstrate performance against
planning policy targets. See figure 1.

1.1.5. The strategy has been designed as a combined approach for both buildings. As a
result all figures shown are applicable to the whole site.
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Figure 1 - Non-domestic Carbon Emissions from the Energy Hierarchy

Non-domestic SAP 10.0 Carbon Emissions

4
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Regulated CO, emissions (tonnes/annum)

be lean be dean be green Further on-site
savings and/or
off-set payment

== non-domestic carbon emissions carbon savings
=== Part L 2013 Target Emission Rate —— minimum 35% saving on site

1.1.6. The following table summarises the reductions achieved at each stage of the energy

hierarchy.
Table 1 -Non-domestic carbon emissions after each stage of the Energy Hierarchy

Carbon Dioxide Emissions for non-domestic buildings
(Tonnes CO, per annum)

Regulated Unregulated

Baseline: Part L 2013 of the
Building Regulations 6.3 9.0
Compliant Development

After energy demand

reduction (be lean) 51 9.0
After heat network

connection (be clean) 51 9.0
After renewable energy 32 0.0

(be green)
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Table 2 - Non-domestic regulated carbon savings from each stage of the Energy Hierarchy

Regulated non-domestic carbon dioxide savings

(Tonnes CO, per annum) (%)
Be lean: savings from energy 1.2 19%
demand reduction
Be clean: savings from heat 0.0 0%
network
Be green: savings from 1.9 30%
renewable energy
Total Cumulative Savings 3.1 49%
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Introduction

2.

2.1.1. The site is located in the London Borough of Richmond upon Thames. The immediate

ot

vicinity is shown in Figure 2 below, with the red outline indicating the development

area.

Figure 2 - Site Location Plan
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2.1.2. The client proposes 2 single storey units with 138m? GEA floor space each, under Sui
Generis. For the purpose of this assessment, the units have been assessed under
classes A1-A5.

2.1.3. The proposed development is classified as a “Minor Development” and therefore a
detailed energy assessment has been carried out in compliance with the relevant
applicable policies.

2.1.4. This report undertakes an energy demand analysis using a UK Government accredited
software tools to model the non-domestic space. The energy demand is converted
into carbon emissions within the software tool, with a separate spreadsheet — issued
by the GLA —being used to calculate the corresponding SAP10 figures.

2.1.5. As required by the Sustainable Construction Checklist the incremental effects of each
stage of the energy hierarchy are identified and tabulated.

Harrods Wharf — Energy Statement
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Planning Requirements

. The development is required to comply with the technical requirements set out on

the LP2020. The individual criteria are set out below (taken directly from LP2020 SI 2):

Policy SI 2 Minimising greenhouse gas emissions

A. Major development should be net zero-carbon. This means reducing greenhouse
gas emissions in operation and minimising both annual and peak enerqy demand in
accordance with the following energy hierarchy:

1) be lean. use less energy and manage demand during operation

2) be clean: exploit local energy resources (such as secondary heat) and supply energy
efficiently and cleanly

3) be green: maximise opportunities for renewable energy by producing, storing and
using renewable energy on-site

4) be seen: monitor, verify and report on enerqy performance.

B. Major development proposals should include a detailed energy strategy to
demonstrate how the zero-carbon target will be met within the framework of the
enerqgy hierarchy.

C. A minimum on-site reduction of at least 35 per cent beyond Building Regulations is
required for major development. Residential development should achieve 10 per cent,
and non-residential development should achieve 15 per cent through energy
efficiency measures. Where it is clearly demonstrated that the zero-carbon target
cannot be fully achieved on-site, any shortfall should be provided, in agreement with
the borough, either:

1) through a cash in lieu contribution to the borough’s carbon offset fund, or
2) off-site provided that an alternative proposal is identified and delivery is certain.

D Boroughs must establish and administer a carbon offset fund. Offset fund payments
must be ring-fenced to implement projects that deliver carbon reductions. The
operation of offset funds should be monitored and reported on annually.

E Major development proposals should calculate and minimise carbon emissions from
any other part of the development, including plant or equjpment that are not covered
by Building Regulations, i.e. unregulated emissions.

F Development proposals referable to the Mayor should calculate whole life-cycle
carbon emissions through a nationally recognised Whole Life-Cycle Carbon
Assessment and demonstrate actions taken to reduce life-cycle carbon emissions.
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3.1.2. The development is expected to meet the following requirements for a minor

development, as stated in the Sustainable Construction Checklist. The applicable

policy has been highlighted in green.

Type of development

Standards to be met

Major residential development (10 units or more)

 Zero carbon standards

» Submit energy statement

« National water standards - 110 l/p/d

e Submit Sustainable Construction Checklist

All development that results in a new residential
awelling or unit including conversions, reversions,
change of use and extensions that create one or
more new dwellings

» 35% reduction in CO2 emissions over
Building Regulations (2013)

« Submit energy statement

 National water standards - 110 l/p/d

e Submit Sustainable Construction Checklist

Change of use or conversion to residential and
residential extensions which do not result in a
new dwelling

« BREEAM Domestic Refurbishment ‘Excellent’
(where feasible)
« Submit Sustainable Construction Checklist

New  non-residential  buildings,  including
extensions, over 100sqm floor space. Including
change of use or conversion to non-residential
and between non-residential use classes.

* BREEAM ‘Excellent’

» 35% reduction in CO2 emissions over
Building Regulations (2013)

« Submit energy statement

» Submit Sustainable Construction Checklist
* BREEAM refurbishment and fit out if one or
more of the Parts are applicable as laid out in
the Scope of the technical manual

Major new non-residential buildings, including
extensions, over 1,000sqm floor space

« Zero carbon standards from 2019

« BREEAM ‘Excellent’

« Submit energy statement

e Submit Sustainable Construction Checklist
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4.1.

41.1.

41.2.

41.3.

4.14.

4.15.

4.1.6.

Energy Efficiency Assessment

Non-domestic Assessment Methodology

Environmental Economics have modelled the proposed units using Design Builder
V6.1.8.021. The software provides a number of outputs which can be used to assess
and compare the improvements from any number of build specifications in terms of:

Building regulations compliance
Energy usage per year (kWh/annum)
Carbon emissions as a measure of building regulations compliance
(kgCO,n’/year)
4. More detailed breakdowns by type of end use

Overheating risk

Each of these outputs can be used in different ways to analyse the performance of a
non-domestic unit. The requirement for this project, as set out in the previous
section, relates to a reduction in CO, emissions. The analysis, therefore, evaluated the
CO, emissions rate per year for each of the properties on site. The total CO,
emissions rate for each unit is based upon the regulated energy use for:

1. Heating

2. Cooling
3. Auxiliary
4. Lighting

5. Hot Water

The energy calculation for the space heating and cooling, water heating, as well as the
auxiliary electricity and lighting electricity were all assessed using the National
Calculation Methodology modelling guide (for buildings other than dwellings in
England) 2013.

For reporting purposes the unregulated emissions are also required, therefore the
additional energy demand for equipment has been used from the BRUKL calculation
output document.

The BRUKL calculation output documents can be found in Appendix A, for each step
of the energy hierarchy

The drawings the assessment has been based on can be found in Appendix B.
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5. Design Philosophy

5.1. Be Lean

5.1.1. In order to reduce the residual carbon emissions a number of improvements were
made to the standard material and product specification.

5.1.2. The fabric of the buildings was improved from basic compliance with Part L 2013 to an
enhanced specification. These fabric improvements reduce the energy demand
resulting from normal occupation of a property. Improvements to the U-Value of
external elements are shown below.

Table 3 - Non-domestic Fabric Specification

- Wynr’k Wk
External Walls 0.35 0.182
Roof 0.25 0.15
Ground Floors 0.25 0.193
11
) Frame Factor: 10%
Glazing 2.20 T Solar: 0.45
L Solar: 0.73
Air Permeability 10 m*/hm? 5.00 m*/hm?
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5.1.3.

5.14.

5.1.5.

5.1.6.

5.1.7.

5.1.8.

Due to the unique structure of the units, being pre-fabricated storage containers.
Enhanced thermal specification data has been taken from a study providing examples
on appropriate construction build-ups. See Appendix C.

As the units are sufficiently glazed, the strategy proposes high performing double
glazing. An example datasheet is provided in Appendix D demonstrating thermal
performance.

The development has proposed the use of a Green roof on Pavilion 01 and a BioSolar
on Pavilion 02. An example datasheet is provided in Appendix E demonstrating
thermal performance.

Highly efficient lighting — LED — has been specified to all zones.

To comply with the Be Lean specification, the HVAC system was modelled with a gas
boiler for the heating. No cooling has been proposed for the development.

Criterion 3 of Part L2a (Limiting the effects of heat gains in the summer) has been
addressed through the use of external shading to the south of Pavilion 01, and
double glazing to minimise solar gains.

Harrods Wharf — Energy Statement
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5.2. Be Clean

5.21. The GLA "Energy Planning” document provides guidance relating to the required
hierarchical approach that should be followed when selecting energy systems.

5.2.2. As required by the LP2016 the authors have made reference to the London Heat Map
to ascertain the potential connection to existing or planned district heating schemes.

5.2.3. Utilising the interactive search opportunities, all the potential sources of heat have
been selected:
1. Major enerqy loads
2. Major energy supply plants
3. Networks
4. Opportunities

5.24. The resulting heat map is reproduced in full in Figure 3. The development is not
within the vicinity of the existing heat network, and it is not near a planned future
expansion of the existing network.

Figure 3 — London Heat Map extract

MAYOR OF LONDON HeatMap @
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Heat density o

& Heat density ] }
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Note: turning on too many context layers at once may
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Proposed Heat Networks
O Proposed transmission routes

O Proposed heat networks (GLA/PB Power 2.

O Opportunity Area Planning Framework
O Heatmap study areas

O London Borough boundaries

O Air Quality Management Areas (AQMA)
O Heat Network Priority Areas

O Proposed CHP Supply Points
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O Potential heat supply sites |
|
|
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5.2.5. LP2016 also requires the consideration of site wide heat networks, including
Combined Heat and Power (CHP).

5.2.6. CHP networks can be appropriate and desirable in situations where there is a large
background demand for heat energy across a wide time period. In such cases the
central plan benefits from a steady requirement for heat energy and as such can be
sized with modular CHP/boiler plant.

5.2.7. An example of such a development would be a mixed use development which
includes leisure/commercial/hotels and domestic housing. In this example there
would be a "base load” for heat energy which could justify the investment in an
energy centre.

5.2.8. Due to the low heat demand of the development CHP has not been considered a
viable option in this instance.

Harrods Wharf — Energy Statement
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5.3.

53.1L

5.3.2.

5.3.3.

5.4.

54.1.

Be Green

This report does not seek to compare the various types of renewable energy systems.

The client is fully committed to adopting suitable renewable energy technologies
where technically feasible. It is proposed that Air Source Heat Pumps are used to
supply heating with an Electric Instantaneous Hot Water for the domestic hot water.
See Appendix F for product information and efficiency data for an example ASHP that
could be used to fuel the development.

The inclusion of 3.0Wp of PV is proposed to Pavilion 02. See Appendix G for PV
Layout.

Monitoring

It is anticipated that the renewable technologies will be installed by professionally
certified installation contractors and therefore will benefit from meters which log the
energy consumption and generation.

Harrods Wharf — Energy Statement
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6.1.1. The annual emissions rate for the baseline TER is 6.3 Tonnes of CO2 per annum.
Therefore a reduction of at least 2.205 Tonnes of CO2 per annum is required. The
annual emissions rate after application of the energy hierarchy is 3.2 Tonnes of CO2
per annum.

6.1.2. In accordance with Sustainable Construction Checklist, the reduction in CO2 emissions
for each stage of the energy hierarchy, using SAP10 figures, is as follows:

e Belean: 19%
e Be Clean: 0%
e Be Green: 30%

6.1.3. The total regulated carbon dioxide savings after applying the energy hierarchy is 49%
when SAP10 is utilised.

Harrods Wharf — Energy Statement
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Appendix A

Be Lean BRUKL

BRUKL Output Document @ HM Government

Compliance with England Building Regulations Part L 2013

Project nama

Pavillion 1 As designed

Date: Fri Jan 22 09:53:15 2021

Administrative infarmalion

Building Details
Address: Hamrods Whard, Lordan,

Certification tool
Cadculation angina: SHEM

Caboulalion engine versian: «% 660 Certifier details

Nama: Miss Sophis Baaslay

Talephane numbar: 01582 524250
Address: B Cardifl Road, Lulon, LU 1PP

Interiace to caloulation engine: DasgnBuildar SBEM
Interface fo caloulalion engine wersion: w5.1.8

BRUEL compliance cheok wersion: vh.E.bad

Criterion 1: The calculated CO, emission rate for the building must not exceed the target

L amission rate from tha nedicnal buiding, kg GOLm annum 56.8

Targel GOy emission rabe [TER), kgCOwim® annum o6

Buildng GO, ermission rate (BER], kgCOu/m®.annum 43.7

Ara amissions from the Buildng less than ar aqual ko the targat? BER =< TEA

fra a5 buill datails tha same as used in ftha BER calculiions? Saparain submission

Criterion 2: The performance of the building fabric and fixed building services should

achieve reasonable overall standards of energy efficiency

Walwes which do nof achieve the slandards in the Mon-Domestic Building Services Compliance Guide and Part L are
displayed in red.

Building labric
Element Us-vimmn | Whecsia | Whzsie | Surface where the maximum values occurs®
Wal™ 035 |218 | 218 | "Pawllion 1 - Cate W _5°
Floear 026 |a19 |aag | "Pavlion 1 - Cafa_5_3%°
Roaf 026 | 015 | 315 | "Fasillion 1 - Cale K 47
Windows™ ", radl windows, and rosdlights | 2.2 1.1 1.1 "Pawllion 1 - Gale 3 B
Farsonnal dogrs 2.2 a.8 381 | “Pawdllion 1 - WCs_D5°
Vehicle access & similar large doors 1.5 - - “No mxternal vehicle access doars®
High usage enfrance dooars 1.5 - - "Moo extarnal high usage anlrance daors™
U etirms = Lifnilitg Brak-waighind averaga U-vaksss ALY ]|
Lo = Calcubaied arsa-weghisd averags U-ales [Wiim K| iz = il culabed srcamum ndwsdual slement L-gvaloss W mrkcH
* Thare meghtl ke st Thi ans eorlice whies e macomus L-vslue cegues
" Automabic U-value chack by Fa iool doas nol apply 30 ourtain wals whosa imibing stancand s sedlar o fail o sandows
** Digplay windows and aimiar ghizing ans anduded om e Lvakss dieck
MLE.: Metiter roal venblations (no. smoks venis) mar symeing podd Dasns are modsled or checked against ihe bmiing standands oy e iool.
Air Permeakility Worst acceptable standard | This building
' FLee ) &l 50 Pa 10 |

Fage 1 ol &
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Bullding services

The alandard valses lialed Bolow are manimum values for efficiencies amd magimum values lor SFPa, Relor to the
Haon=Domestic Building Serdoss Complianoe Guide for details.

Whale building |FE|'I!|I"|E autematic I"I'Hll'lllﬂl'il"lg & |H‘EE|HI"|H with alarms for M.H-nl-l'll‘lgﬂ wvalues | YES

Whale bullding elecirc power tactor achieved by power facior correction =035

1- Gentral Rads with Gas Baller

Heating efficiency

Cooling stficlency

Radiant efficiency | SFP [W/(lis)] | HR efficieancy

This 1:".1:"11 [0

Handard wvalue | 0.91°

A

[ 0 [ O] MiA

Automalic monitering & targeling with alarms for cut-gf-range values for this HYAC system | vES

* Standard shown is for gas sngle boiler sysiems <2 W culput. For single boiler systems w2 MW or multi-boiler spstems, [overal) miting
eificiency i QARG For sny individual boiar i g myli-boder sysjem, miling e¥icercy @082

1- Pairt of Usa - Gas

Water heating eflichency

Storage loss factor [KWhiitre per day]

This building .91

Handard value 0.9"

MiA

" Standard shown ks tor gas bolers =30 KW ouiput. For bollers =30 KW output, imidng elicdency ks 0.73.

Local mechanical ventilation, exhauwst, and terminal umnits

ID | System type in Non-demastic Building Services Compliance Guide
A | Local supply ar axtract vardilation unils serving a smgle anaa
B | Zonal supply system where the [an is remale fram he 2one
G | Zonal axtract systam whare the fan Is ramota from tha zona
D | Zonal supply and axtract vanblation units sarving a singla rocm or zona with haating and haat recovery
E Lecal supply and exirssl venllalion syslem sarving @ single area wilh healing and haal recovary
F Ciaher lacal vantilation units
G | Fan-assisted tarminal WA unit
I Fan coil units
| Zonal axtrac systam whare the fan is remale fram the 2one with graase liltar
Zane name SFP [Wil's
IDolsystemtype |A |B |C | D I':m F!l G |H I HR efficiency
Standard value |03 |11 [05 1% |16 |05 |11 0.5 |1 Zone | Standard
Pawillion 1 - Cale - - - i - - - - - 0.9 0.5
Favillion 1 - Gate BOH - - - i - - - - - 0.4 0n&
Pavillion 1 - W(s 03 |- - - - - - - MiA

General lighting and display lighting

Luminous eflicacy [lmW]

Zona name Luminaire | Lamp | Display lamp | General lighting [W])
Standard walug | G0 a1H] £2

Paillion 1 - Cile - 100 100 133

Fawillion 1 - Gale BOH - 100 - 174

Favillicn 1 - Wis - 100 - a5

Fage 2 al &
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Criterion 3: The spaces in the building should have appropriate passive control measuras

to limit solar gains

Zanae Solar gain limitl exceeded? (%) | Internal blinds used?

Favillion 1 - Cale PO - 1.8 MO

Criterion 4: The performance of Lhe buillding, as built, should be consistent with the

calculated BER

Separale submission

Criterion 5: The necessary provisions lor enabling energy-eflicient operation of tha

building should be in place

Separale submission

EFBD (Recast): Consideration of alternative energy systems

Were aliernative energy sysltems congidered and analysed as parl of the Iﬂl‘.'&iEl"l process?

MO
L=

|& evidance ol such assessment avallable &8 & saparata submissany

HO

fra ary such measures inchsiad in the propesed dasign?

N

Page 3ol &
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Technical Data Sheet (Actual vs. Notional Building)

Building Global Parameaters Bu

Betual Motional % Brea Building Type

Area [r7] 109.5 109.5
Exiemmal area [irf] 353.2 350.2 L AMRAAE Resthurarin sl CibpaDirinking s Taksawiy
Weathier Lam LOM
Inflratian [mi i@ 50Pa] & g
Average conduciance [WK] 108,27 156,66
fywrage Lvale [Wm'K] 0.3 {144
Alpha walue® [%] I1m 23,75
PR O T Sl e el Ml DU SR e AN D B3 T TR g

Energy Consumption by End Use [kWh'm®]

Actual Mathonal

Haaling 34.04 54.76
Cooling ] i
A miliary 17.69 12.43
Lighling 23,42 44,2
Hial warler T1.76 75.53
Euipmenl® 120.61 12061
TOTAL™ 146,52 166.92

Fragy uned by squprwe dosy rol coond icene e B il o comarsphon or cbcriesng wraaar

Total w = ! ey el oy dipecsd £y THS pesegio @ apkoaate

Energy Production by Technology [kWh/m']

Actual Maotional
Phatovallas: gyslems [1] a
Wind turines 1] i
CHP ganaraiors 4] 1]
Sclar thamal sysisms [1] Q

Energy & CO., Emissions Summary

Actual Motignal
Haasing + capling damand [Mym"] | 461 49 BR2 27
Primary anargy” [BWhim’| 252,15 A28 46
Tatal emissans [kgim') 437 56.B
Fomary gy i ra ol oy slecincsl sy ciophices by CF geraraicir. | sppscabls

Fage 4 al &
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tems Performance

HVAC Sys

System Type

Heat dam
Mbma

Cool dem
Mdma

Heat can
KWhmz |

Caol con

| KWhoma |

Aux con
LA

[3T] Centrad heating using waler: radlators, [H3] LTHW baller, [HFTI N

Heat
| SHEEF |

alural Gas,

Actual

1048

56,7

e

0

17.7

LLHE

Hational

161.5

q20.8

0

124

L.a2

Hagt dam [MAmE] = Haatng efa gy damand
= Craing anergy demand

Cool gem [WUImE|

Haat con [RANME] = Haalng &nany consampion

Gool mn kWhimz] = Gooling energy consumplion

= Aiinliary efaigh cofaamplan
= Hisabng syshem smasona sHcency (or nodonal bpiding, vl depands on acitey glacing dase)
= Coulng syshem soasonal energy olidency rabo
= Haabng ganwalor sassoral ellcengy
= Capalineg gonerator seasonal anengy SMclenoy raio
= Sywlem lypa

= Haldl Sourca

= Hesapri) bl pygss
= Looing luo typa

At cifi [KWHmE]
Hapt SSEFF

Gool ESEER
Huil gun S5EFF
Cool gen S5EER
5T

HES

HFT

GFT

Fage 5 al &
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The Building Comrol Body is advised to give parlicular allention to items whose specifications are betber than typically

axpacipd,
Building fabric
Element Wt | Whiaie | Surface where the minimum valee ococurs®
Wl 0.23 | 218 | "Pawillien 1 - Cate W &5
Flear .2 319 | “Pavillion 1 - Cate 5 3°
Boof 315 | 015 | “"Pavilbon 1 - Caie A 4°
Windows, real windows, and raollights 1.5 1.1 “Pavillizn 1 - Cale & &
Farsonnal doors 1.5 081 | "Pavillion 1 - WEs D 3°
‘fahicle access & similar largs doors 1.5 - “Wo sxiemal vahicle access doors®
High usage enlrance doors 1.5 - “Ho exlemal high usage entrance doars”
Lb v = Typical rudia alsmast L Wi Tm Ll = WEnimuem individheal abemant L-aplpes [Wim'K)]
* Thara might ba mane han one surlaos whom Ta minmum Uevalus sodurs
Air Permeakility Typical valus This building
mi[hm® al 50 Pa =1 =3

Fagu & al &
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BRUKL Output Document

Compliance with England Building Regulatio

Project name

Pavillion 2 As designed

Date: Fri Jan 22 03:56:01 2021

Administrative infarmation

Building Details
Address: Harods Wharl, London,

Certification tool
Calculation engine: SEEM
Calculation engine version: w5800 Certifier details

Intertace 1o calculation engine: DesignBuitde SBEM Mame: Miss Saphie Beasley
Telaphone number: 015682 544250

Inlartace 1o calculalion angine vergion: w618
an &g Y ! Address:; B Cardiff Fioad, Luion, LUT 1PP

BRUEL compllance check verslon: «35.6.0.0

Criterion 1: The calculated CO. emission rate for the building must not exceed the target

£, emission rate from the natlonal bullding, kgCOu'm®.annum 259
| Targat &0, emission rate (TER). kgGOum™ annum 255
Building &0y emission rate (BER), kgCOu/m', annum 225
Arg amissions from the bawskding lass than or sgual to the targset? BER =< TER
A a5 buill details the sama as usad in thes BER caloulalions? Separale submissian

Criterion 2: The performance of the building fabric and fixed building services should

achieve reasonable overall standards of energy efficiency

Values which do not achieve the standards in the Non-Domestio Building Servioes Compliance Guide and Part L are
diaplayed in red.

Building fabric

Element Usume | Wecu: | Wecae | Surface where the maximum value cccurs®
Wall™® 035 |08 |08 | "Pavilion 2 - AGG W W T

Flaar 025 |09 |098 | "Pavillion 2 - AGC WG 5 3°

Raal .25 .15 15 "Pavillion 2 - ACC WE_R_4°

Windaws*"*, roof windows, and raoflights | 2.2 1.1 1.1 *Pavillion 2 - Entrance Lobby G &°
Personngl doors 2.2 061 [ 0BT | "Pavilion 2 - Storage_D_g"

Vehicle access & similar Ange doars 1.5 - - "Moo edtemal vehicle access doars”™

High usage enlrance goors 3.5 : : "M extarnal high usage enfrance doars”
Upies = Limiing ares-waighled averpge U-waluas [A0m K]

Uppar = Caloulaled arag-weighled avarage U-valuag [WYHm'K) Uiowe = Caliulalad e e individual akemesed Lyl [Wm' K]
" Thare mighl b mons than one surlace wines the maximom U-valuee coowrs

™ Automatic U-valua chack by tha fool doss nel apply %0 curtain walls wihosa limiting standard & 5imilar 1o that Tor windows.

" Digplay windows ared similar glazng ara axcluded from the Livalua chack.

M.B.; Namree rood wantilahors (rnc, smais yanis) nor swimming poal basing are modalad or chacksd aaainst tha iming standands by a 100
Ajr Permaakbility Worsl acceplable standand This bullding

mih.nv} at 50 Pa 10 5

Fage 16l &
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Building services

The standard values listed balaw are minimum values for efficlencias and maximum valuas for SFFs, Reler ta the
Non-Domestic Bullding Services Compliance Gulde tor detalls,

Whole building lighting automatic monitoring & targeting with alarms for out-of-range values | YES
Whale bullding electric power laclor achleved by power laclor correction =95
1- Gentral Rads with Gas Boiler

Heating efliciency | Cooling efficiency | Radiant efliciency | SFP [W(l's)] | HR efficiency
This system 0.41 - - -
Standard value | 0.51° A (e Ll il
Automatic moenitering & targeting with alarms for sut-of-range values for this HVAC system ] YES
* Rlandard shovwn is lor gas sngle boler systers =2 BV oufpol. For gingle boilsr syslams =2 MW o mul-boler syslems, [overall] miling
aflcincy & 0.86. For any inghvidual boder in a muli-ooler syshem, lmiting oticiency s 082

1- Poirt of Use - Gas
Water healing efficiency Starage loss factor [kWhilitre per day]
Thi% building 0.2 -
Standard valus 0.4 Wiy

* Blardard shown ia lor g boders =30 WW oulpul. For boders <30 bW culpul. lisiling alliciancy i 0.7

Local mechanical wventilation, exhaust, and terminal units

I | Sysiem bype in Non-domaeslic Building Services Compliance Guide
A | Lacal supply or extract ventilation units sendng a single area
B | Zonal supply sysiem where the fan is ramols from the zona
G| Zonal exiract sysierm where the an 15 remole fram the 2ons
D | fonal supply and extract wentilation units ssnving & single raam or zons with heating and haat rscovery
E | Local supply and extract venlilalion system serving a single area wilh healing and heal recovery
F Other local ventiation wnits
G| Fan-assisied lermsnal VAV unil
H | Fan coil units
| Zonal axtragt system where the fan is remote from the zone with grease filker
Zone name SFP [Wil's)] HR efficiency
1D of system typa | A E L4 o E F G |[H 1
Standard value |03 (1.1 |05 [1.82 |16 |D5 |11 |95 [ Zone | Standard
Pavillion 2 - ACC WC 0.3 &
Pavillian 2 - ACL W1 3.3 A,
Pavillian 2 - Ticksi Offica - - 1 - 0.8 0.5
Fawillian 2 - Slall Lounge 1 0.9 0.5
General lighting and display lighting Luminous afficacy [lmW]
Zone nama Luminaire | Lamp | Display lamp | General lighting [W]
Standard value | &0 (0] 22
Pawillion 2 - ACC WC 104 21
Pavillian 2 - Shorage 1 100 5
Pavillion 2 - ACGC WC 1 10 20
Favillion 2 - Entrange Lobby 1040 10
Pavillian 2 - Tickat Office - 104 100 156
Pavillion 2 - Stalf Lounge 100 225
Fage 2ol &
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General lighting and display lighting Luminows efficacy [Imw]
Zone name Luminaire | Lamp | Display lamp | General lighting [W]
Standard value | 8D 60 22
Pavillian 2 - Storage 100 - - 28

Criterion 3: The spaces in the building should have appropriate passive control measures

to limit solar gains

Zone Solar gain limil exceeded? (%) | Internal blinds used?
Favilllan 2 - Tickat Office WO [-TB.E%) RO
Pavillign 2 - Staff Lounge MO [-10.6%) MO

Criterion 4: The performance of the building, as built, should be consistent with the
calculated BER

Saparite submission

Criterion 5: The necessary provisions for enabling energy-efficient operation of the
building should be in place

Saparati SubmMission

EFBD (Recast): Consideration of alternative energy systems

Were alternative energy sysiems considered and analysed as part of the design process? MO
% evidence of such assesement available as a separale submission? M
Are any such measures included in the propossd design? MO

Page 1ol &
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Technical Data Sheet (Actual vs. Notional Building)

Actual MNotional e Area ll.ll!l'lﬂ Type
Ariza ] 100.4 100.4 100 A1AZ Ratall Fimanelal and Professlons serdoes
External area [m’| 332 331.2 ki
‘Waather LOMN LM
nfilfration [mihefd S0Pa) 5 B
Average conductancs [WK] 8075 131.498
Avaraga U-valua [WimdK] | 027 0.4
Alpha vilua® %) 0,39 21,69

Farsnisgs o the bskdng's sraegs bam banis

comicia el which

u-Sus el Eidging

Energy Consumption by End Use [kWh/m]

Aciual Matlanal
Haating G214 G263
Caaling 0 ]
Auxiliary an 3.76
Lighzing 16.11 16.81
Hat watar 211 222
Equipimenl” 21.47 21.47
TOTAL*" THAT B8.42
** Tl rod o oy sbeciricnl s gy chapl posd by THIY pereesiz, § pppicnsia

Energy Production by Technology [kWh/m’]

Actual Motional
PhoicvoHaic systams 0 0
Wind lurbires 0 o
CHF ganerators 0 ]
Splar theernal systems 0 0

Energy & CO, Emissions Summary

Aetual HMotional
Haating + eealing demand [MJin] | 308.52 326.39
Primary onergy” |'I-l.'.l".'h-n|"'| 128.7 14967
Tatal emessions [kem’| 225 258

wrp weagy b el ol i ke el e gy dapdicord by THP geasnidon

! ppom e

Fage 4 of &
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HVAC Systems Performance

System Type Haat dam | Cool dem Aux con Heat gan
Miim2 IM)im2 | kWhim2 | SSEEF SEFF | SEER |
[ST] Ceniral heating using waler: radiators, [HS] LTHW boiler, [HFT] Natural Gas, [CFT] Natural Gas
Actual 1605 1484 52.1 0 5.1 0.86 a 3.4 1]
Mational | 1847 141.7 Ei'__’.ﬁ. ['] 3.8 DAz 1] wamn ramn

Haal dam [M'md] = Haaling anangy damand
Coel dam [MAmE] = Gecling ersrgy demarned
Haal con Wimimd] = Haaling anangy corsumption
Coel gen [WWhimd] = Cooling ereegy censumplion
Aur con [KWh'ee] = Ausiliary anergy conpumgicn

Hual S5EFF = Haaling syetem seasonal eticiency Mef nofonal builging, valus depands on acivity glazing dags)

Gl S5EER = Gocling ayalam aoacangl anangy efcancy ralk

Haal gan S5EFF = Healing generaber ssaaonal elfciency

Coel gan SEEER = Cogling gersralor saasongl arergy afiGendy ralia

g7 = Spalam lyps
H5 = Heal sourcs
HFT = Hualing lusl Bppe
CFT = Cooling fusl lyps

Fage S of 6
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Key Features

The Building Control Body is advised to give particular attention fo flems whose specifications are better than typically

expecind.

Bullding fabric

Element Weryp | Wse | Surface where the minimum value occurs®
‘Wall 023 |08 | "Pavillion 2 - ACGCWE W T

Flagr 0.2 318 | "Pavillian 2 - ALC WG5S 37

Roof 015 |05 | "Pawillion 2 - ACCWE R 4°

Windows, rasf windaws, and recllights 1.5 1.1 "Pawillion 2 - Entrance Lobby G_B"
Persannal doors 1.8 0.B1 | "Pavillian 2 - Storage D B

Vihicla access & similar large doars 1.5 - "Mo external vehicls access doors’

High usage entrance doors 1.5 - “Mo external high usage entrance doors”
Lot = Typical imdiviciual slemeant U-waloos | %0 Uvima = Minimwuam indiwidual demant U values [Wm'K|]
" Thans mighi ba mong then e surlpos wihara tha minimian L-vplies oo

Air Permeability Typical value This building

m*{h.m? at 50 Pa 5 5

Fage 6ol &
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Be Green BRUKL

BRUKL Output Document MGovernment

Project namae

Pavillion 1 As designed

Date: Fr Jan 22 10:04:16 2021

BAdministrative information

Building Detalls

Addresa: Harods Whar, London

Certification tool
Calculation engine: SBEM

Caleulstion sngine vershan: +56.b.0 Certifier details

Mamae: Mizs Sophie Beaghey

Telephone number: (1582 S44250
Aiddress: B Card® Rosd, Lulern. LA PP

Interface 1o calculalion engine: DasignBuilder SBEM
Interface 1o caltulalion engine veraion: vB.1.8
BRUKL compliance check wersion: v5.60.0

Criterion 1: The calculated CO; emission rate for the building must not exceed the target

G0y emission rate from the notional buikding, kgCO0Wm™annem 621

Targel OO, emission rate (TER], kgCOuim'.anmum 62.1

Building GO emission rata (BER), kGO annum 5B

Are amissions fram the building lass than or aqual o tha target? BER == TEA

Are as buill details the same as used in the BER caloulations Separale submission

Criterion 2: The performance of the building fabric and fixed building services should

achieve reasonable overall standards of energy efficiency

Values which do not achieve the slandards. in the Hon-Domestic Building Servioes Compliance Guide and Part L are
displayed i red

Building fakric

Element Wi | Wacwn | Micas | Surface whers the maximum valus occurs®
Wall** 0,35 |08 | 0B | “Pavillion 1 - Cale W 5°

Flaar 025 0,99 | 0,98 | "Pawillion 1 - Cale 5 3

FRoaf 025 |05 |05 | "Pavillien 1 - Cafe_R_4"

Windows™", raafl windows, and roollights | 2.2 | 1. 1.1 "Pavillicn 1 - Cale & 6"

Parsornal doars 22 0.E1 0.81 “Pavillisn 1 -WCs O &°

YVahicle access & similar large daors 1.5 - - "M exlarnal wehicle accass doara”

High usage enfrancea doors 35 - - “Mp extarnal nigh Lsage anirancs ¢aors”

Us i = Limiing arpa-waeighted avoeage Uvalues fflim'E)]

U = Calculaled arsa-waighed avecage L-vabsa ['WHnk]| Whzpe = Calculaled manism mdeidus slarmenl Ll-valuss [0 E))
" Thara might ba mana tham ane surlece whang The madmum Uvalua sorurs.

*= fufomatic L-vakes chack by 15 ool do=s rol apply to curlain walls whcss imiing standard is smiar o that dor windows

" Display windows and sieiar glazing ane axcluded from e U-value chei.

B3, Marer rool venbipiors [imc, smcks yenls| nor wsamming pool banas aee mods g o checksd agansl i bmobing standards oy {hes oo
Air Permeakiility ‘Woarst acoeptable standard | This building

mitih.me} &l 50 Fa 10 5

Fage 1 el &
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Building servicas

Tha staneard valses lated balaw ara minimem valuss Tor efliclancles and maximum values for SFPa, Reler o fhe
Hon-Domesiic Building Sersices Compliznce Guide for dedails

Whale building lighting aulematic maniloring & largeling with alarms for oul-ol-range values | YES
Whole building electric power lactor achieved by power factor correction =} &5

1- Cientral Rads with Eleciric
Heating efficiency | Cooling efliciency | Radiant efficiency | SFP [Wil's)] | HR efficiency
This system 377 - -
Stlandard vabue | 2.5° iy LA, Y MiA
Automalic monitoring & largeling with alarms lor oul-ol-range values lor this HVAC system | YES

* Slandord shown s 1or all bypees =12 B culpu. oxcept absorplon and gas ongirer heat pumps. For bepes «=12 5 culpul. retar o EN 14235
fior ImAang standands.

1- Pairil af Usa - Eleclric

Waler heating efficiency Storage loss faclor [KWhiitre per day]
This bullding 1 -
Standard vakue 1 Wrs

Local mechanical wentilation, exhaust, and terminal units

1D | System type in Non-domaestic Building Services Compliance Guide
A Lacal supply ar extract vantildion units sarving a single area
B | Zonal supply sysbem where the fan i@ remabe Troa the 2ane
£ | Zonal axiract gystam whare the fan is remata from the zone
0 | Zonal supply and extract ventilation unils senving a single roam or zona with haating and haad recovary
E Lacal supply and exiract vendilaiaon system serdng a sngle area with heating and hea recovery
F Oahar local wantilalion wnits
G | Fan-assisied farminal WAN unit
H | Fan coil units
| Lonal axfirac] Syslam whare [he fan is remate Irerm (he 2ane wilh greasas liller
Zone name SFE [Wiksi] HR efficiency
ID af syslem iype | & B C ] E F G H |
Slandard vabee |03 |11 |05 |19 |16 |05 |11 |05 |1 Zone | Standard
Payillipn 1 - Gafe - - - 1 - - - - - Q.49 0.5
Pavillion 1 - Cale BOM 1 0.9 0.5
Pavillien 1 - WCs 03 |- - - - - - - - - A
Ganeral lighting and display lighting Luminous afficecy [imW]
Lone name Luminaire | Lamp | Display lamp | General lighting [W]
Standard value | &0 i 22
Pavillien 1 - Cals - 100 100 133
Pavillion 1 - Gate BOH - 1030 - 174
Payillion 1 - WCs - 1{ - 445

Criterion 3: The spaces in the building should have appropriate passive contraol measures

to limit solar gains

Lone Salar gain limit excesded ¥ (%) | Internal blinds usad
Pavillign 1 - Cale MO [-1.9%) MO

Fage # el &
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Criterion 4: The performance of the building, as built, should be consistent with the

calculated BER

Separale submission

Criterion 5: The neacessary provisions for enabling energy-etficient operation of the

bullding should be in place

Separale submission

EPED {Recast): Consideration of alternative energy systems

Were alternative energy systems considered and analysed as part of the design process? MO
|8 andence ol such assessment available as a separale submussion? M
Are any SUch measures includsd in he progosad desgn'y M
Page ol &
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Technical Data Sheet (Actual vs. Notional Building)

Building Global Parameters Building Use

Bciual Hational % Area Building Type
Horea 104.5 109.5 A
Exiernial area ] %503 %503 g AT R AL Aeslmurands and Cafes/ Drinking E€. Tshnamays
Wealhar Lo LOM
nliltration [re/her@ 50Pa) 5 5
Avarage conduciance [WE] 10827 156,66
Avarage U-value [Wmik] 0.3 (.44
&lpha valus® [T 13m 375
= o il w7 e bl by e s D D nd o el T d P o e T o e e gy

Energy Consumption by End Use [KWh/m"]

Actual Hotional
Heatirg .22 18,46
Gooling LU i
Baxiliary 17.69 12,43
Lighiing 23.42 44,2
Flod vaater 85.3 75.55
Equipment® 120.61 120.61
TOTAL*™ 114,64 150L62
 Eremrr o] by i chom e -l e il Par ot okl s
* Todal i reel o wry alocscal orarpy dpeced by CH™ peaarza. © spabaabie

Fholovallaic syslems L] L
‘Wind lurbines 0 1
CHF generalers 0 0
Solar theernal sysiems a0 0

Energy & CO, Emissions Summary

Aciual Holional
Healing + cooling demand [MMlm"] 46148 SE2.27
Primary ensngy” [EERE | 34313 307.63
Total amssons [kgm) 58 62,1
" Prirnwp =wagy 0 rE ol oy eiaciricsl gy daplecsd by O- gereesiony, # ppplc pbis

Fage 4 ¢l &

Harrods Wharf — Energy Statement 30



Environmental Economics Ltd

January 21

HVAC Systems Performance

System Type |Healdem| Cool dom | Heat con | Cool con | Auxcon | Heal Cool Heat gen | Cool gen
Mimg _Iwimg LKWhimg [kwhma [kWhimg | SSEEF ISSEER | SEFF __ISEEH
[3T] Cantral heating using waler: radiators, [H5) Heat pump (alectric): alr source, [HFT] Electricity, [GFT] Natural Gps
Aciual 104.8 3&6.7 B2 i 17.7 .54 1] .77 1]
Hotienal | 1681.5 4208 18.5 ] 124 2.43 1] - =

= Haakng snamy demand
= Coolng anegy demand
Hedl ion |-|'Ah'|||:-'| = Haabng sramy conssamplen
Cool con [KWhimz! = Coolng enmegy onsumpsEon
= funiligry ermngy corsusplicn
= Haaing sysiem ssasonal slooncy for national bulding. value doponds on aciwty glazing olass)
= Gonling spstam sapsonsl ey allicandy rafo
= Hoaing genomior soasonal eficknoy
= Gaaling generaler seasonal andeegy alicency rlis
= Sysiem typo

= Hiaal anuris

= Haaing hsel type
= Conling luel lyps

Haal des= [RLIImE]
Conzl daim ellied]

Agp o [WiliTuesd]
Heat S5EFF

Gl SSEER
Heat gen SEEFF
Gzl gan SSEER
=T

HS

HFT

CFT

Fage S el &
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The Building Conlral Body is advised o give particular all=nlicn o ilems whos= specificalions are bellsr than Lypécally

expched
Building takbric
Elemenil Werpe | Bsiin | Suriace where the minimum value cccurs®
Wiall 023 | 018 | "Pawillion 1 - Cafa W 5
Floar 0.2 A% | *Pavilion 1 - Cafe 5 3°
Rigaf {15 015 *Pawillion 1 - Cafe_FA_4°
Windows, raal windows, and raollighis 1.5 1.1 “Fawillion 1 - Cafe G_&"
Parsomnneal dosrs 1.5 0.E1 “Fawillion 1 - Wis D 9°
Yahicle access B similar large daors 1.5 - *Mio axtarmal vehicls access dooes”
High usage snfranca doors 1.5 “Mo axtarnal kigh usage antrance doars’
Lk 1o = Tepical mdracual element U-ealues [Wim K Ihssm = Ml roum indreicual element U-yaluss [Wim k)]
* Thiatia Eigh Ba s i one surlics whan The minisinm Wb o2osrs
Alr Permealdlity Typleal value This bullding
mfih.m &t 50 Pa 5 G

Fage & ol &
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BRUKL Output Document

Compliance with England Building Regulations Part L 2013

Project name

Pavillion 2

As designed

Date: FriJam 22 1000618 2021

Administrative information

Building Details
Address: Harrods Wharl, Londan,

Certification tool

Calculation engine: SBEM

Caleulalion engine version: vEEE.0 Certifier details

Interface 1o caboulation engine: DesignBuider SBEM

HName: Miga Sophia Baeclay

Telephone numbaer; 01582 584250

Interface Wo caloulation engine version: «6.1.8
BRUKL compllante check veralon: «3.6.b.0

Address: 8 Cardil Aoad, Luton, LU 1PP

Criterion 1: The calculated CO. emission rate for the building must not exceed the target

G0y mmisseen rale from the nobiongl building, KglCL'm®annum e |
Target GO, emission rate (TER). kgGowm®.annum £3.3
Building CCx emission rate (BER), kglOL/m’. annum 7

Arg emisgions from the baslang less than or equal to the larget?

BER -« TER

Ara as built details the same as usad in the BER calculatigns?

Separale submission

Criterion 2: The performance of the bullding fabric and fixed bullding services should

achleve reasonable overall standards of energy efficiency

Values which do nol achiewve the standards in the Nen-Domestic Building Services Compliance Guide and Farl L ana

displayed in red,
Building labric

Elemenl Wi | Wi | Wicais | Surface whers the maximum value oocurs®
Wall** .35 0.18 D18 "Favillian 2 - ACC WE W 7
Floor 025 [ 018 | 09 | "Pavillion 2 - ACC WE 5 3"
Hoal .25 0.15 D15 "Pavillign 2 - A0 WE /47
Windows***, roof windows, and roafliphts | 2.2 1.1 1.1 “Payillian 2 - Entrance Lobby G &°
Parsonnel goors 2.2 0,81 oa "Pavillian 2 Sl,org_gl,-t_l:l_ﬁ"
Wehicle access & similar ange doors 1.5 - - "Moo external vehlcle access doors”
High usage enirance doors 3.5 "M external high usage enirance doors”
|t it Liriling Area-weighied average U-waluss (W m'K]]
hcwe = Calaulaled arsa-weighled aveage U-values [Wim K] Usgae = Galculated madmum indridual slement L-values Wt K]
* Thara mighil bR mane than one surlacs wham the maximuam L-valea 500
" Aarfamalic L-walin chiach by Thia ool does mel apply 10 ciriain wals whoss Gmising siandard is simiar 1 that Tor windows
" Diaplay wiraoaws aimd diemilar glaxing are axcliided Trom e U-vpls chack
MLE, - Meathar aol vanilalors (G, sl yanls] ner ssimming pool Beting &e medelled o checked againss the limiing slandands by T foo
Air Parmeability Worst acceplable standard | This building
e her) at 50 Pa 10 5
Page 1 of &
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Building services
The standard values listed balow are minimum valuss for eflicloncias and maximum valuas for SFPs, Reler 1o The

Hon-Damestic Bulkiing Services Compliance Guide for detalls,

Whele building lighting automatic menitaring & targeting with alarms for out-of-range values | YES
‘Whale b‘.lll.il'hg eleciric power facior achieved by power factor correction =0.95

1- Central Rads with Elsctnic

Heating efficiency | Cooling efficiency | Radiant efficiency | SFP [Wil's]] | HR efficiency

This system 3,77 L - . -
Standard walue | 2.5° i oA P& [y I3
Automatic monitoring & largeling with alarms for oul-of-range values for this HYAC system | YES
" Blandard shown 15 tor all typas =132 KW cwfpu, excapt absompdan and gas angina el pumps. For iypas <= 12 KW oulpat, refer o EN 14835
Tgr limiing slandands,

1- Paind of Lise - Eleciric

Waler l‘lt!lil‘lg efficiency Elnmge loss lactor [KsWhilitre per day]

This building L -
Standard value 1 (e

Lacal mechanical ventilation, exhaust, and terminal units
ID_| System type in Hon-domestic Building Services Compliance Guide
A | Local supply or extract ventilation units serving & single ares
B Zonal supply syaiem where the fan & remate from the z2one
| Zonal exract system where the fan is remoate from the zone
D Longl supply and extract venlilalion ws serving a single reom ar Zone with haaling and haeal recovery
E | Local supply and extract vertilation system serving a single area with heating and heat recavery
F | Ot local wentilation woits
G | Fan-assisted terminal WA unit
H | Fam coidl units
1 Longl eddract syslarm where the 1an 5 remote from the 2one wilth graase liler
Zome name SFP [Wil's)] HR efficiency

1D of sysiem type | A B C o E F G H
Standard value |03 [11 |05 |18 |16 |35 [1.1 |08 Zone | Standard

Pavillion & - ACC WG 0.3 M
FPawillion 2 - AGC WG 1 0.3 I
Pavillion 2 - Tickat CHfice - - 1 - 0.4 0.5
Favillion 2 - Staff Lounga 1 0.4 0.5

General lighting and display lighting Luminous etfleaey [In W]
Zone name Luminaire | Lamp | Display lamp [General lightin

Standard value | 60 &0 22
Favillion 2 - ACE WO 100 21
Favillion 2 - Storage 1 100 &l
Favillian 2 - ACC WG 1 100 20
Pavillion 2 - Entrance Loboy 100 - 10
Pawillion 2 - Tickat CHhce 100 104 156
Favillion 2 - Staff Lounge 100 225
Favillion 2 - Slorags 100 28
Fage 2ol &
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Criterion 3: The spaces in the building should have appropriate passive control measures

to limit solar gains

Zone Solar gain limit excesded? (%) | Internal blinds used?
Pavillion £ - Tickat Office MW (-7 N0
Pavilllon 2 - S1afl Lounge MCY (-10.6% o8]

Criterion 4: The performance of the building, as built, should be consistent with the

calculated BER

Separate sulpmission

Criterion 5: The necessary provisions for enabling energy-efficient operation of the

building should be in place

Separate sulbmission

EPBD (Recast): Consideration of alternative energy systems

Wera alternative energy systems considered and analysed as part of the design process? 1]

Is evidanca of such assessment available a5 a separate submission T

MO

Are any such measures Incieded In the proposed design™

MO

FPagas 3o &
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Technical Data Sheet (Actual vs. Notional Building)

Building Global Parameters Building Use

Actual Motional 'ﬁ.lma _ihn Type
Arag [mr) 1004 100.4 100 A1/AZ AetsdFinancial and Professianal services
External area [m] 331.2 331.2 ! ! !
WWealher LOM Lo
Infiltratsan [m'hréi® 50Fa) & 5
Avgrage conductance [WE] 30,75 131,58
Average U-value [Wim k] 0.27 0.4
Alpha value® [T:] 35.39 21.649

* P p gm0 Pry Dok o meons il Dl el wms | wleciny g b Demrd Lodgeg

Energy Consumption by End Use [kWh/m’]

Aciual Hotional
Heating 12.59 21.11
Cooling L] a
Aurliary w11 a.76
Lighting 16.11 19,51
Hut water 1.82 222
Equipment” 21,47 21.47
TOTAL™ 35.73 46.9
* Prasrge Leed by sswprsnd coar roiccund iowmsc e oil ke corgampion o caltuisheg srepuore
* Toah b o Brp SASCSICN rwigy SapLaced by CHP GEasiuEs, § Mppkcass

Energy Production by Technology [kWh/m®]

Aciual Mational
FPholawaltaic syslams 21.34 1]
Wind lurbeneas L] a
CHP generatars L] 1
Salar thaermal sysbems [¥] u]

Energy & CQO, Emissions Summary

Actual Hotional
Healing + coaling demand [MJim7] | 308.92 346.39
Prirmary snargy* |k'l.'|'|"r|'.] 106,94 13617
Total emissions [lgim’ T 23.3
* Prireasy aerpy b rt of arp slecirical eneigy displaced by GHI® gasansions, I appicais
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HVAC Systems Performance
System Type | Heat dem | Cool dem) Heat con | Cool con | Aux con | Heat Cosl Heat gen | Coal gan
Mt imi Mdma | kWh'mE | kWhmz2 |EWh'm@ |SSEEF | SSEER | SEFF SEER
[5T] Central heating using water: radiators, [H5] Heal pump (electric): air source, [HFT] Eleciricity, [CFT] Natural Gas
Actual 160.5 148.4 128 ] 5.1 3.24 0 3.07 ]
Notignal | 1847 141.7 211 0 3.4 #43 0 aaas

= Healing sn=gy demand
= Goolng enengy demand
Heat con [kWhim2| = Healing enemgy corsumption
Cool con [kWhi'm2] = Coolng energy consumplion
= Aniliary enangy consemgon
= Haaling sysem saasonal attickency (for nolional bulkding, vakse depands on achivity glazing dass)
= Coolng systam saasonal ensrgy eficsncy mhia
= Hadling generaler seasonal alciancy
= Qonlng gansraior saasinal sredgy eliciency ratia
= Sywtam fyps

= Haal gaura

= Haaling sl bypa
= Ciglng fuel Iyps

Fsa dam [Mimz]
Cool derm [MUma]

By oo [BWhimE]
Ha S5EFF
Cool 35EER
Haal gan SEEFF
Cawl e S5EER
5T

HS

HFT

GFT

Page B ofc
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Key Features

The Building Coniral Body is advised to give particular attentien to iterms whose specifications are better than typically
expechad,

Building labric

Element Wenp | Uisn | Surface whers the minimum value ocours®
wall Q.23 | 0.8 “Pavillion 2 - ACC WE W T

Floor 0.2 019 | *Pawillion 2 - ACCWC 5 37

Hoaol Q15 D156 "Pavillion 2 - ALC WE_H_ 47

Windows, roof windows, and rooflights 1.5 1.1 *Pavillion 2 - Enfrance Lobby G 6°
Parsonnal doors 1.5 0.81 | "Pavillign 2 - Slorage D &°

‘Wehicle access & similar large doars 1.5 - "M external vehicle secess doors®

High usage entrance doors 1.5 . *Me extarnal high usage entrance doors”
L7 = Typical incividual slement U-valuss [ddm'K]| Llvag = Bfinimum individusl element U-salues [Wm'K})
* Thrn I'I1Ig'|1 D0 MOne e ored Suriaoe winene tha minimam U-vakes Socurs.

Air Permeability Typical value This building

m¥ih.m¥ at 50 Pa 5 5

Page & of 6
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Appendix B
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Exploring the Potential of Climate-Adaptive
Container Building Design under Future Climates
Scenarios in Three Different Climate Zones

Jingehun Shen ', Benedetta Copertaro 1, Xingxing Zhang %*0, Johannes Koke %,
Peter Kaufmann * and Stefan Krausge 3

I Department of Energy and Built Enviconments, Dalarma Universiby, 791 88 Falun, Sweden;
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pkaufmanndiinstitut-se.de (PE.); s krausedinstint-se.de (5K
*  Comespendence: xzafldu.se

Received: 11 Movember 201%; Accepted: 18 December 201%; Published: 22 Decembrer 2019 E:J:JE

Abstract; The deployment of containers as building modules has grown in popularity over the past
years due to their inherent strength, modular construction, and relatively low cost. The upcycled
container architecture is being accepted since it is more eco-friendly than using the traditional building
materials with intensive carbon footprint. Moseover, owing Lo the unguestionable urgency of climate
change, existing climate-adaptive design strategies may no longer respond effectively as they are
supposed to waork in the previous passive design. Therefore, this paper explores the conceptuaal
design for an upcycled shipping container building, which is designed as a carbon-smart modular
living solution to a single family house under three design scenarios, related to cold, temperate,
and hot-humid climatic zones, respectively. The extea feature of future climate adaption has been
added by assessing the projected future climate data with the ASHRAE Standard 55 and Current
Handbook of Fundamentals Comfort Model. Compared with the conventional design, Rome would
gradually face more filures in conventional climate-adaptive design meazures in the coming 6 vears,
as the growing trends in both cooling and dehuwmidification demand. Consequently, the appropriate
utilization of internal heat gains ave proposed Lo be the most promising measure, followed by the
measure of windows sun shading and passive solar divect gain by using low mass, in the upooming
future in Rome. Future climate projection further shows different results in Berlin and Stockholm,
where the special attention is around the sccasional overheating risk towards the design goal of future
thermal comifort,

Keywords: upcycling container house; future climate scenario; energy-efficient operated living
maodule; empty containers repositioning

1. Introduction

Mowadays, there exist more than 17 million retired shipping containers stacked on the ports
worldwide [1]. In the light of substantial trade imbalance between Europe and China, the repositioning
of a huge number of stored empty containers could become an evitable problem 2] In fact,
huge expenzes are involved in their destruction or transportation to the original country, and their
nondegradable construction matertals occupy a large landfll space when they are fallen into disuse.

Moreover, most of shipping containers ane within the official age or pust bevond the “active service”
timie, making them no longer suitakle for transportation purpeses [3]. However, this does not mean

Fadtaimabdlity 2020, 12, 108; dhoi: 1033900 12010108 wiww mel pi. camfjmarnal fsustamabaliy
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The standardized dimension makes it an ideal building component for modular and prefabricated
construction projects [5]. The most popular containers used as building components are 2438 m in
width and 6.09% m or 12.192 m in length. In many national regulations, there is a minimum height
limitation of 2.4 m for residential buildings. Thereby, in this context, the residential building design
only consider the high cube container with total height of 2.9 m to comply with the minimum clear
ceiling height building requirement. Meanwhile, the containers” internal dimensions differ from
the external ones. In fact, internal walls have a plurality of corrugations, each one 25 mm depth.
This narrows the container inner width by 50 mm due to both a concave and a convex corrugation.
The backside, the other side without the door, is corrugated too. The doors have a thickness of 50 mm,
which results in a total loss of 75 mm in length. The height of the inner dimension is less compared
with the outer dimension, Depending on the floor type, this reduction, consisting of floor clearance
and thickness, is approximately 177 mm. Since roof material is also corrugated, the internal height is
reduced by slightly more than 200 mm in total |5,26].

Table 1. Basic parameters of the mast popular containers [1].

< = : Floor Area Volume Empty
Size Width (m) Length (m) Height (m) (m?) (m?) Weight (kg)
20 ft equivalent unit 2438 6.096 2855 14.86 331 200
» -
20 High ube 2438 6.09% 29 1456 43.09 2350
equivalent unit
40 equivalent unit 2438 12192 15N 2972 67.5 3800
S0 cuoe 2438 12192 29 2972 8619 3900

equivalent unit

23.1. Container Building Structure

The container structure is consisted of (a) bottom structure, (b) front end frame structure;
(¢) backend frame structure; (d) side wall, and (f) box top structure, as illustrated in Figure 1.

Header Extension Plate

Corrugated Roof
Alternative: Flat Roof ——*

Top End Rall

/]

ry

Wi

\

Side Panel

Figure L Schematic diagram of a 20 ft standard shipping container.

Harrods Wharf — Energy Statement



Environmental Economics Ltd January 21

Sustanabadlity 2020, 12, 108 Tof21

providing higher thermal resistance and inner space saving with respect to conventional insulation
materials. Moreover, the additional use of wood strip and wooden frame can take full advantage of
the limited space on the container wall bases, offer adequate protection of vacuum msulation panels,
and work as the fixed framework for interior wall panels” installation,

Raba Sovvwn Contmmer Shoet Wl Verthoat Fland Wesd Sarip
S e ~ >

Thickoess  Conductivity  Thermal resistance U-vabue

Envelope configuration fmm) [Wim K] [WIKW) [Wim'K]
Gypsum 5 0.220 0.022
Chip bowmd 10 0.130 0077
VIP withit wooden studs framie’ &0 0.012 5.000
Wall Contaier steel pael’ 16 a2 0.000 0.152
Ar B 30 mm Vent. Gap 30 0.160 0.188
Wooden rmscreen 0 0.140 0.214
Total 136.6 3.501

Wetr | Weonden frammecg sor | Somn® S0um wih 61 wn spmng oo d (ling wvh VIP & coebond wsing OPACLE 3 5 POM tedhain o dutn s frem
Kaguios Opia R whick saldeg sccosst of 52 aged Sesiga vabae via XN 12067 2000

3 Commnbnry t1eel pann ol it dovutent i 110 dtmed A8 mnt htve caco woindom soude S1 i Sor canrngaind grocves

Figure 4. Conceptual wall configuration with U-value estimation.

Thickuess Conductivity  Thermal resistance U-value

Euvelope co ratien R -
pe confligu ml  [Wim K)) ' KW] [W/mK]
Cyprumn ceilug s ©.220 0.022
Chip board 10 0130 0077
Roof VIP within wooden stads framag’ 0 0012 5.000 0.196
Coutainer steel panel’ 2 42.000 0,000
Total thckness 77 5.100

Natr | Wonden Sanan g s0e Fiamy® Gum wih (00 s mg v d @l ot VI? & caboalotnd saing OPAQUE 0 POM tevhunic o data it fromn
Kngitos Optics &, whech taida g sccoust of s aped deiga vakue vis BN 12065 2000

3 Conwsiasr itadd gosal i traatad an Tt st l ahimet bare cioce wooden conds T8 o the comug wed poastes

Figure 5. Conceptual roof configuration with U-value estimation
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Vagsim lesiilarion
Fanal wirh
Chip loard .3
urddernsark

Conervie Foundail

—

o Thermual resistans ]
Envelope configuration Thikkmess  Conductivity eslulange U-value

 lmm]  PWAm RN [ BW] _ wimk]
Floor coating i 18 028
Wopden floor L n13 p.O7y
1
VIP witis wiooden suds frain il 012 3.000
Floor . = - - i 193
Chip bomrd 1 13 0.077
Contaiver steel pamel’ 2 42000 .00
Toal thickness 87 5.182

T | W b (ymmanf dafe | S e o il 00 T o ot o ] Rl i VTP | gaboilnad et FAGUE 3 D POM necben il s is fieem
K g evom Dipti A, which rabiieg aoomian af s aped deipn vadae vaa B9 1 0657 X060

1 Canminer ueel pansl & esiad sx Tl @ reel a bt beims, vine s wosden oo 6 e comegaied g e

F‘Ig].m: &, I:_'nm;n:-pnml floor L;nnr'lgl.lmnnn with Lsyalue estimation.
3.2 Methodolagy for Thermal Comfort Assessmen!

In this section, the thermal comfort for the residential building has been assessed in Berlin
(Germany], Stockholm (Sweden), and Rome (Talv), respectively. There are several ressons to choose the
thermal comfort assessment, Firstly, thermal comfort is one of the major concern in living in a container
building. Secondly, the indoor climate in the residential building is imperative in both psychological
and physical aspects, where it could affect morale of the inhabitants, bul also in its energy consumplicn
holistically and the chotces made about both envelope and structure. From another point of view,
this method offers an intmtive and efficient inibial assessment with graphic representations of hourly
climate data compared with the time-consuming building modeling. Thermal comfort assessment is
expected to help decision makers to visualize the unique overall patterns and subtle details in adaptive
building design measures, characterizing different climate data during a preliminary building design
OF FEROVALIon Process,

321 Investigated Climate Datasets

With the research purposes of building performance investigation under both historical and
future climate conditions, the available hourly dependent climate dataset is necessary for a dynamic
simulation. The method here has the baseline, which is the typical climate data ASHEAE TWEC
fromm 1982 bo 1997 with the “epw™ format (climate file from EnergyTMus website) [34]. After that, the
“CCWorldWeatherGen™ tool, developed by Energy and Climate Change Division, by University of
Southampton, UK, is used. The tool is used to process the “present-day” climate files of the baseline
data prepared for the future climate morphing in the next stage [35]. The morphed climate data is
under HadCM3 predictions for a “medium-—high” emissions scenario (A2) for 20205, 2050s, and 2080s.

3.2.2, Thermal Comfort Model

The climate analysis is critical in exploring climate-adaptive potential, being an evitable part of
climate-adaptive building design procedure. During the preliminary design stage, it enables a series of
building design solutions that are especially devoled to human thermal comiforl and energy-efficient
misasures. Usually, the thermal comfort charscteristios are denotsd with six indicators, which are air
temperature, mean radiant temperature, relative humidity, air velocity in the area of environmental
factors, clothing insulation, and metabolic heat in the area of personal factors [34]. In order to take
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Table 1 — Pilkington Insulight™ Sun — Double Glazing Units

& mm Pilkington Optifloat™ Clear inner pane and
16 mm argon-filled cavity, unless otherwise indicated.

Solar control with thermal insulation (low-e)

- - Ty
Product Description Light Solar Radisnt Hest ﬁhﬂm tt:fﬂm% m’:ﬂm'ﬂmtu
Pane thickness combinations
g : ! 2 I T
: : i E | 8| ¢ g E
H g AR i 2 :
i E & £ £ £
w @ =|
Products availstie 82 Fikington Sunceol™, Fikington Suncool Optilam™ s Pilkington Sunconi™ Pra T (toghenabis} varsions, unless otharvise indicstad
Pilkirglon Sutveoel - superior solar cortral with ermal insulBtion (low-2}
B mmi A0 70 o [alch ] .28 034 0.42 (S | aAag 1.1 Ml (21 oH) a1 {36 cBY) BE{AD [40 di)
Bomm IS [-1:] 0L16 034 0,35 0.n 0,37 034 043 1.0 H9/37 (1 (=] ﬁ“.'?hr{.“l [==1] BFG 40 d&]
B mm G632 €5 | i | 02 | 035 | 033 | 038 | 037 | 041 | L8 | 65036 (31 cH) | 64035 (36 ) | 64724 (40 dE)
& mm 631 58 | 011 | o8 | 032 | 040 | 032 | na3 | 097 | L@ | Saa2(aicE) | SRin(scE) | 573 a0 de)
B mm Gilver S0/30° 48 | 039 | o8 | 043 | 029 | o1 | caz | 038 | L@ | se3n(acE) | 4831 (36 ) | A0 (40 dE)
& mm B 5027 48 | 049 | 025 | 035 | 040 | o28 | cae | 032 | L1 | 4928 (31cm) | 4326 (36 cm) | AB/27 (40dD)
& mm 5025 48 | 048 | 024 | 033 | 043 | w27 | var | o3t | L@ | swe7(aiem) | swer(seem) | A8/26 (40 dE)
& rm 4022 38 | 020 | 048 | 035 | 046 | 023 | 022 | 028 | 11| 3w23(3im) | 3a22 (38 em) | 3822 (40 dE)
& mm 317 30 | 025 | 045 | 037 | 048 | 0a8 | 048 | 021 | 11| 3016 (318) | 2016 (3663 | 2918 (40 8]
& mm 016" 20 | 027 | 045 | 037 | 048 | 08 | 047 | 021 | 14 | 2W16(318) | 2916 (38 09) | 26/18 (40 dE)
Pilkiregtin Sumcoal™ CW® (Jow Iron) - Superior sslar contral with thermal insulation (ke-g)
& mm 7040 73 | 0d0 | 044 | 039 | 047 | 045 | 050 | 052 | 14 | 73M5(3108) | 7345({3603) | 7345 (40 dB)
& mm 7035 73 | 016 | 038 | 047 | 045 | 039 | 043 | 045 | 18 | 7u39(3loE) | 7R3 cE) | 7230 (40 dB)
& mm 6633 69 | 017 | 036 | 047 | 047 | 037 | 042 | 043 | L8 | sw3rslom) | 6WIT(38cE) | 68/37 (40 dE)
& mm 6031 61 | na1 | o | 032 | 038 | 032 | 035 | 037 | 48 | 632(31cE) | 6031 (38cE) | SWIL (4008
& mm Bl 50127 52 | 00 | 028 | 046 | 026 | 029 | 03z | o33 | 11 | syaw(aicE) | suau(scE) | 5/70 (40 d8)
B omm 5025 52 nia 02r .44 .29 0.28 31 032 1.0 S2/28 (21 oB) G224 {35 oH) RAE [‘u I;'I:]
Bomm Al 22 41 02l 23 046 1 0.24 025 .28 1.1 A1/24 (31 dB) AL {36 8 q1723 [‘1" ﬂB]
Bomm 317 3z oas (1 .50 e ] 019 o2 .23 1.1 12/1% (3] oH) A1/1% {36 &) 119 [40 dg)
Bmm 300167 {1} BL2A [ 1 048 0,34 019 o1y a.22 1.1 3015 (31 ﬂ:l 1% :.M ﬂ'l e [0 dkj
Pkt Ak Buncael™ (si-cleoning] - sapeie solor corteal wit teml ipation (o e]
& mm A0 66 | 045 | 035 | 032 | 033 | 038 | GAl | 045 | L1 | 66035 (31 cH) | 64035 (36 cE) | 64738 (40 dB)
& mm 7435 85 | 021 | 032 | 044 | 024 | 038 | 037 | 040 | L@ | 6535 (31cE) | 64035 (36 63) | 64/34 (40 D)
& mm 66/33" 61 | 021 | 030 | 040 | 030 | 033 | 03s | 038 | L0 | 6133 (31cm) | 6133 (3669 | 6132 (40 dE)
& mm B3 56 | 024 | 027 | 041 | 032 | ea30 | 03l | 094 | L0 | S6/30(31cE) | S5/30(366m) | 5420 (40 dE)
& mm Silver S0/30° 47 | 04z | 027 | 052 | 021 | wae | o3l | 034 | 10 | S30(3idE) | s30(38em) | 4629 (40 dE)
& mm Bl S0/27 47 | n24 | 023 | 039 | 038 | 027 | 027 | 031 | 14 | 4727 (31d8) | 46026 (36 68) | 46726 (40 dB)
& mm 51y25" 47 | 023 | 023 | 042 | 035 | 026 | 036 | 090 | 18 | 4726(3108) | 4625 (36 09) | 4625 (40 dE)
& mm 317 28 | 030 | 004 | 040 | 045 | 047 | 007 | 020 | 11 | 2m07(3ldE) | 2807(3603) | 28/17 (40 dE)
Pilkirgton Suncoal™ One - mid-range salse contral with thermal insulation (low-e]
& mm 6040 58 | 022 | 035 | 030 | 035 | 040 | 041 | 048 | L8 | S0040(31c8) | 56039 (36 08 MiA
|6 mm 3021 30 | 031 | 047 | 034 | 049 | e | oz | o024 | a0 | soiGiem | swzogece | awao o dey )

The above perfformance data has been determined in aocordance with B5 M 410 and BS EH 673,

*With & mm Pilkington Optiwhite™ inner pane
= paneaked version anly
**% Toughened version anly
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Appendix E

Our photovoltaic solutions are innovative

penetration-free systems for use in flat, green

and blue roof applications.

Both our systems are extremely quick to install
and provide a cost effective and highly

afficient solution

B Overview 238
8 Credentals 240
8 BauwderSOLAR 242
| Bauder BioSOLAR 248
B Waterprooting Cpticrs 254
® Tochmcal Data 255
a7 bauderca uk
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«  System manufacturer: Bauder Limited, 70, Landseer Road, |pswich, Suffolk, IP3 O0H.
Tel: 01473 257 671, Fax: 01473 230 761, Email: fechnicali@bapder co uk
Web: www. bauderco uk

* Primer type and application: Bauder Folymer Frimer, appliad to the roof substrate and all

upstands amd skirings, For application method and guidance information, refer clausa as

clause V208,

Preliminary local reinforcement: as clause 750,

Coating reference: Bakor720-11 hot melt rubberised bitumen.

Application: As clause 722, TE0,

Reinforcement: Bauder Polyester reinforcing.

Thickness (nominal): & mm in o 3 mm ceats, plus prolection sheet / surfacing as described

balow.

Upstands and details: Upstand detailing to be formed in Bakor 790-11, as clause TT0A

Coating protection layer to all upstands/details: Bauder AP1, glass tissue based, madified

bitumen, sand finished membrane {o be wsed as the access layer on cencealad upstand

detailing. For any areas of detailing that is exposed, Bauder K4AE charcozl grey slate finishad
membrane must be used. Installation as Clause T70C.

+ (Coating protection layer: Bauder &P1, glass lissue based, modified bilumen, sand finished
membrane. Installation as Clavse 7804

+ |nsulation: 240mm thick, BauderFRI{200}) Inverted Insulation for flat roofs subject to
permaneant loads of up to B0KPa, to achieve the required "L Value - refer clause 230, This
product has zero ODP and a Green guide rating of "A+’. Installation as Clause 8104,

* Insulation to upstands: To all vertical upstand abutments and changes in level to be
insulated, including builders kerbs (but excluding proprietary insulated integrated rooflight
umits}, use Bauder JFRI HP Inverted Insulation, in combination with §0mm Bauder JFRI HP
Upstand Insulation GRP facing, colour Slate Grey, (o the exiernal face, to make up the total
thickness required, Installation as clause 811B.

+ Vapour Permeable membrane: Bauder JFR| vapour permeable membrang {loose laid).
Installation as Clausa 8164,

+ Surfacing: 20-40 mm grade washead stone ballast {supplied by others), as Clausa 365,
Installation as Clause 820,

+  Accessories

+« Additional requirements: Refer clauses 210, 310, 410, 411, 412,413, 4154, 910, 920, 930,
2.

+ Guarantee information: 950H.

PERFORMANCE

210 ROOF PERFORMAMNCE
+ General: Firmly adhered, free draining and completely weather tight.

230  INSULATION
+ Thermal transmittance (U-Value) of roof: 015 Wim*
Finished Surface: Suitably even, stable and robust to receive roof covering.
Insulation compliance: To relevant British Standard or Agrément certified.
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Appendix F

o [ e—— & mrsuessh

PUZ-HWM140VHA(-BS)

Ecodan R32
Monobloc Air Source Heat Pump R32
Key Features: Key Benefits:
W Asr++ high efficiancy system B Ultra low running cost
B Compact design B Minimal Instafation space requirad
B Maintains full heating capacity at low temperatures B Confident and quick product salaction
B Zero carbon sclution B Heip to tackle the climate crisis
B MELCloud enabled B Remote control. menitoring, mantenance and
tachnical support

PSMeLCloud B

ecodan

rRenswabie Heating Technelogy

ecodan.co.uk
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Flow Temperature | QUHZ-WA0VA | PUZ-WMS0VHA | PUZ-WMEOVAA | PUZ-WMEBSVAL | PUZ-WM112VAA | PUZ-HWMLI40VHA | PUZ-HWM140¥HA
35 3.63 4.57 4.76 4.79 4.78 4.34 4.30
3k 3.59 4.50 4.69 4.72 4,70 4,28 4.25
37 3.56 4.44 461 4.66 4.62 4.23 4.19
38 3.52 4.37 4.54 4.59 4.54 4.17 4.14
35 3.49 4.30 4.47 4.52 4.47 4,11 4,08
40 3.45 4.23 4.40 4.45 4.39 4.05 4,02
41 342 417 433 4.38 4.31 4.00 3.97
42 3.3% 4.10 4.25 4.31 4.23 3.94 3.91
43 3.35 4.03 4.18 4.25 4.15 3.88 3.85
44 3.32 3986 411 4.18 4.07 3.83 3.80
45 328 3.90 4.04 4.11 399 377 374
46 3.25 3.83 3.99 4.05 3.93 3.72 3.69
47 3.21 3.76 394 3.98 3.86 3.67 3.64
a8 3.17 3.69 389 3.592 3.80 362 359
49 313 3.63 3.85 3.85 373 3.57 3.54
50 3.10 3.56 3.80 3.79 3.67 3.52 3.49
51 3.06 3.49 3.75 3.73 3.60 346 3.44
52 3.02 3.43 3.70 3.66 3.54 3.41 3.39
53 2.98 3.36 3.65 3.60 3.47 3.36 3.34
24 2.94 3.29 36l 353 3.41 3.31 3.29
55 2.91 3.22 3.56 3.47 3.34 3.26 3.24
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